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(54) TITANIUM ALLOY AND METHOD FOR PRODUCING THE SAME 



(57) A titanium alloy according to the present inven- 
tion is characterized in that it comprises an element of 
Va group (the vanadium group) in an amount of 30-60% 
by weight and the balance of titanium substantially, ex- 
hibits an average Young's modulus of 75 GPa or less, 



and exhibits a tensile elastic limit strength of 700 MPa 
or more. 

This titanium alloy can be used in a variety of prod- 
ucts, which are required to exhibit a low Young's modu- 
lus, a high elastic deformability and a high strength, in 
a variety of fields. 
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Description 



Technical Field 



5 [0001 ] The present invention relates to a titanium alloy and a process for producing the same. Particularly, it relates 
to a titanium alloy, which can be utilized in a variety of products, and which exhibits a low Young's modulus, a high 
elastic deformability and a high strength, and a process for producing the same. 

Background Art 



[0002] Since titanium alloys are good in terms of the specific strength, they are used in the fields of aviation, military 
affairs, space and deep-see exploration, and so on. In the field of automobile as well, titanium alloys have been used 
in valve retainers, connecting rods, etc., of racing engines. Further, since the titanium alloys are good in terms of the 
corrosion resistance, they are often used under the corrosive environment. For example, they are used as materials 
is for chemical plants, oceanic constructions, and the like, furthermore, for the purpose of inhibiting the corrosion, etc., 
due to the anti-freezing agents, they are used as automobile front bumper lowers, rear bumper lowers, and the like. 
Moreover, by focusing on the lightness (specific strength) and the anti-allergic property (corrosion resistance), the 
titanium alloys are used in accessories, such as wristwatches, etc. Thus, the titanium alloys are used in various and 
diverse fields, and, as representative titanium alloys, there are Ti-5AI-2.5Sn (a alloy), T1-6AI-4V (a-p alloy), T1-13V- 

20 1 lCr-3A1 (P alloy), and so on. 

[0003] By the way, the conventional titanium alloys have been often used while paying attention to the good specific 
strength and corrosion resistance, however, a titanium alloy (for example, the p alloy) has been often used recently 
while paying attention to the low Young's modulus. For example, the titanium alloys of the low Young's moduluses are 
used in organism compatible products (for instance, artificial bones, etc.), accessories (for example, frames of eye- 

25 glasses, etc.), sporting goods (for example, golf clubs, etc.), spring, and the like. When it is described by taking up 
concrete examples, in the case where the titanium alloy of the low Young's modulus is used in an- artificial bone, the 
Young's modulus approaches a Young's modulus of a human bone (to a degree of about 30 GPa), and the artificial 
bone becomes good in terms of the organism compatibility in addition to the specific strength and corrosion resistance. 
Further, a frame of eyeglasses, which comprises the titanium alloy of the low Young's modulus, fits flexibly to a human 

30 body without giving an oppression feeling, and is good in terms of an impact absorbing property. Furthermore, when 
the titanium alloy of the low Young's modulus is used in a shaft or head of a golf club, it is said that a flexible shaft and 
a head exhibiting a low intrinsic frequency can be obtained so that a driving distance of a golf ball extends. Moreover, 
when a spring, which comprises a titanium alloy exhibiting a low Young's modulus, a high elastic deformability and a 
high strength, is obtained, a low spring constant can be achieved without increasing the number of turns, etc., and can 

35 be light-weighted and compacted. 

[0004] Under these circumstances, the inventors of the present invention thought of developing a titanium alloy, 
which is intended to further expand the utilization in a variety of fields, and which exhibits a low Young's modulus, a 
high elastic deformability and a high strength going beyond the conventional levels. And, first of all, they searched for 
the prior art concerning the titanium alloys, which exhibit the low Young's modulus, and the following publications were 

40 discovered. 

©Japanese Unexamined Patent Publication (KOKAI) No. 10-219,375 

[0005] In this publication, a titanium alloy, which contains Nb and Ta in a summed amount of 20-60% by weight. 
45 Concretely, to begin with, raw materials are melted so that the composition is achieved, and a button ingot is cast. 
Next, a cold rolling, a solid solution treatment and an aging treatment are carried out onto the button ingot. Thus, a 
titanium alloy, which exhibits a low Young's modulus of 75 GPa or less, is obtained. 

[0006] However, as can be understood from the examples disclosed in this publication, the tensile strength is lower d 
together with the low Young's modulus, and a titanium alloy, which exhibits a low Young's modulus, a high elastic 
50 deformability and a high strength, is not obtained. Moreover, on the cold working property, which is required to form 
the titanium alloy into products, there is no disclosure at all. 

©Japanese Unexamined Patent Publication (KOKAI) No. 2-163,334 

55 [0007] In this publication, there is disclos d "a titanium alloy comprising Nb: 10-40% by weight, V: 1-10% by weight, 
Al: 2-8% by weight, Fe, Cr and Mn: 1% by weight, respectively, Zr: 3% by weight or less, O: 0.05-0.3% by w ight and 
the balance of Ti, and having a good cold working property". 

[0008] Concretely, the titanium alloy having a good cold working property is obtained by carrying out a plasma melting, 
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a vacuum arc melting, a hot forging and a solid solution treatment onto a raw material to be the composition. 
[0009] However, on the Young's modulus and the tensile strength, nothing is set forth in the publication. Moreover, 
by the titanium alloy, \n(h^h): 1 .35-1 .45 is obtained as the maximum deformation ratio, at which no compression cracks 
occur, when this is converted into a cold working ratio later described, it is no more than about 50% at the highest. 

5 

©Japanese Unexamined Patent Publication (KOKAI) No. 8-299,428 

[0010] In this publication, a medical treatment appliance is disclosed which is formed of a titanium alloy comprising 
Nb of 20-40% by weight, Ta of 4.5-25% by weight, Zr of 2.5-13% by weight and the balance of 71, and exhibiting a 
10 Young's modulus of 65 GPa or less. 

©Japanese Unexamined Patent Publication (KOKAI) No. 6-73,475, Japanese Unexamined Patent Publication (KOKAI) 
No. 6-233,811 and Published Japanese Translation Publication (KOHYO) No. 10-501 ,719 of PCT International 
Publications for Patent Application. 

15 

[0011] In these publications, titanium alloys of low Young's moduluses and high strengths are disclosed, however, 
concerning a titanium alloy exhibiting a Young's modulus of 75 GPa or less and exhibiting a tensile strength of 700 
MPa or more, there is disclosed a Ti-13Nb-13Zr only. In addition, on the elastic limit strength and the elastic deform- 
abiiity, nothing is disclosed at all. Moreover, in the scope of the claims, there is set forth Nb: 35-50% by weight, there 
20 is not disclosed at ail a concrete example corresponding to it. 

©Japanese Unexamined Patent Publication (KOKAI) No. 61-157,652 

[0012] In this publication, there is disclosed "a metallic decorative article comprising Ti in an amount of 40-60% by 
25 weight and the balance of Nb substantially". Concretely, after arc melting a raw material having a composition of Ti- 
45Nb, it is subjected to a casting, a forging and rolling, and the resulting Nb alloy is subjected to a cold deep drawing, 
thereby obtaining a metallic decorative article. However, in the publication, nothing is set forth on a concrete cold 
working property at all. 

[0013] Moreover, there are no descriptions on a Young's modulus, a tensile strength, etc., of the Nb alloy. 

30 

©Japanese Patent Publication (KOKAI) No. 6-240,390 

[0014] In this publication, there is disclosed "a material for a golf driver head comprising vanadium in an amount of 
from 10% by weight to less than 25% by weight, adjusting an oxygen content to 0.25% by weight or less, and the 
35 balance of titanium and inevitable impurities". However, a Young's modulus of the used alloy is no more than about 
80-90 GPa. 

©Japanese Patent Publication (KOKAI) No. 5-11 ,554 

*o [0015] In this publication, there is disclosed M a head of a golf club produced by a lost wax precision casting method 
with an Ni-Ti alloy having a super elasticity". In this publication, there is set forth that Nb, V, etc., can be added a little, 
however, there is no description on their concrete compositions at all, moreover, there are not disclosed at all on a 
Young's modulus, an elastic deformability and a tensile strength. 

4 5 ©For reference, the Young's moduluses of conventional titanium alloys are remarked additionally, the a alloy exhibits 
about 115 GPa, the a + 0 alloy (for example, a H-6AI-4V alloy) exhibits about 110 GPa, and the p alloy (for example, 
TV15V-3Cr-3AI-3Sn), which is a material subjected to a solid solution treatment, exhibits about 80 GPa, it exhibits 
about 110 GPa after it is subjected to an aging treatment. Moreover, when the inventors of the present invention 
examined and surveyed, the nickel-titanium alloy of the aforementioned publication ©exhibited the Young's modulus 

50 of about 90 GPa. 

Disclosure of the Invention 

[0016] The present inv ntion has been don in view of these circumstances. Namely, as describ d abov , th pur- 
55 pos is to provide a titanium alloy, which is int nded to further expand the utilizati n in a variety of fi Ids, and which 
exhibits a low Young's modulus, a high elastic deformability and a high strength going beyond the conv ntional levels. 
[0017] Furth r, the purpos is to provide a titanium alloy, which exhibits a low Young's modulus and has a high elastic 
deformability as well as a high strength, and which exhibits a good cold working property so that it is readily formed 
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into a variety of products. 

[0018] Furthermore, the purpose is to provid a production process, which is suitable for producing such a titanium 
alloy. 

[0019] The inventors of the present invention earnestly studied in order to soive this assignment, and carried out a 
5 variety of systematic experiments repeatedly, and, as a result, they completed to develop a titanium alloy, which com- 
prises a predetermined amount of an element of Va group and titanium, and which exhibits a low Young's modulus as 
well as a high elastic deformability and a high strength. 

(1) Namely, a titanium alloy according to the present invention is characterized in that the titanium alloy comprises an 
element of Va group (the vanadium group) in an amount of 30-60% by weight and the balance of titanium substantially, 

10 exhibits an average Young's modulus of 75 GPa or less, and exhibits a tensile elastic limit strength of 700 MPa or more. 
[0020] By combining titanium and a proper amount of an element of Va group, a titanium alloy, which exhibits a low 
Young's modulus unconventionally and has a high elastic deformability as well as a high strength. And, the present 
titanium alloy can be utilized widely in a variety of products, and it is possible to intend the improvements of their 
functional properties and the enlargements of their designing freedom. 

15 [0021 ] Here : the element of Va group is adjusted to 30-60% by weight, because a sufficient decrement of an average 
Young's modulus is not intended when it is less than 30% by weight, on the other hand, when it exceeds 60% by weight, 
a satisfactory elastic deformability and tensile strength are not obtained, and the density of the titanium alloy rises to 
decrease the specific strength. Moreover, when it exceeds 60% by weight, it is likely to cause not only the decrement 
of the strength but also the decrements of the toughness and ductility, because the material segregation is likely to 

20 take place to impair the homogeneity of the material. 

[0022] And, the inventors of the present invention confirmed that this titanium alloy is provided with a good cold 
working property. 

[0023] It is not clear still why the titanium alloy of that composition exhibits a low Young's modulus and a high elastic 
deformability as well as a high strength, and why it is good in terms of a cold working property. According to the surveys 
25 and researches, which were carried out so far by the inventors of the present invention, on their properties, it is possible 
to think as follows. 

[0024] Namely, as a result of a survey, which was carried out by the inventors of the present invention, on a sample 
according to the titanium alloy of the present invention, it was proved that, even when this titanium alloy was subjected 
to a cold working process, the dislocation is hardly introduced, and the titanium alloy showed a structure whose (1 00) 

30 plane was oriented very heavily in a part of direction. Besides, in the dark field image employing the 111 diffraction 
point, which was observed by a TEM (Transmission Electron Microscope), it was observed that the contrast of the 
image moved together with the inclination of the sample. This indicates that the observed (111) plane is curved, and 
this was also confirmed by a lattice image direct observation of a high magnification. In addition, the curvature radius 
of this curve of the (111 ) plane was extremely small, and was 500-600 nm approximately. This means that the titanium 

35 alloy of the present invention relieves the influences of workings, not by the introduction of the dislocation, but by the 
curve of the crystal plane, and that it has a quality, which has not been known at all in conventional metallic materials. 
[0025] Further, the dislocation was observed in a very extreme part, while the 111 diffraction point was heavily excited, 
but was hardly observed when the excitation of the 111 diffraction point disappeared. This indicates that the displace- 
ment components around the dislocation are biased remarkably in the <110> direction, and this suggests that the 

40 titanium alloy of the present invention exhibits a very heavy elastic anisotropy. The reason is not clear, but it is consid- 
ered that this elastic anisotropy closely relates to the good cold working property, the appearance of the low Young's 
modulus, the high elastic deformability and the high strength, and the like, of the titanium alloy according to the present 
invention. 

[0026] Note that the group Va element can be one kind or a plurality of kinds of vanadium, niobium and tantalum. 
45 All of these elements are p-phase stabilizing elements, however, it does not necessarily mean that the titanium alloy 
of the present invention is conventional p alloys. 

[0027] Furthermore, heat treatments are not required necessarily but it is possible to intend to further highly strength- 
en by heat treatments. 

[0028] Moreover, the average Young's modulus can be preferable so that it is 70 GPa or less, 65 GPa or less, 60 
so GPa or less and 55 GPa or less in this order. The tensile elastic limit strength can be preferable so that it is 750 MPa 
or more, 800 MPa or more, 850 MPa or more and 900 MPa or more in this order. 

[0029] Here : the "tensile elastic limit strength" is referred to a stress, at which a permanent strain reaches 0.2%, in 
a tensile test, in which a load is applied to and removed from a test piece gradually and repeatedly. It will be described 
lat r in more detail. 

55 [0030] In addition, the "average Young's modulus" do s not r fer to th "average" of Young's modulus in the strict 
sense, but it means a Young's modulus, which represents the titanium alloy of the present invention. Concretely in a 
str ss (ioad)-strain (elongation) diagram, which is obtain d by the aforementioned tensile test, a gradient (gradient of 
tangent line) of a curve at a stress position, which corresponds to 1/2 of the tensile elastic limit strength, is referred to 
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as the average Young's modulus. 

[0031] By the way, the "tensile strength" is a stress, which is obtained by dividing a load immediately before a final 
breakage of the test piece by a cross-sectional area of the parallel portion of the test piece before the test. 
[0032] Note that the "high elastic deform ability" in the present application means that the elongation of the test piece 
5 is large within the aforementioned tensile elastic limit strength. Further, the "low Young's modulus" in the present ap- 
plication means that the aforementioned average Young's modulus is smaller with respect to the conventional and 
general Young's modulus. Furthermore, the'"high strength" in this application means that the aforementioned tensile 
elastic limit strength or the aforementioned tensile strength is large. 

[0033] Note that the "titanium alloy" in the present invention includes a variety of forms, and that it means not only 
10 workpieces (for example, ingots, slabs, billets, sintered bodies, rolled products, forged products, wire rods, plates, 
rods, etc.) but also the titanium alloy members (for example, intermediately processed products, final products, parts 
of them, etc.), in which they are processed (hereinafter, the meanings are the same.). 

(2) Alternatively, the titanium alloy of the present invention is characterized in that the titanium alloy is a sintered alloy 
comprising an element of Va group (the vanadium group) in an amount of 30-60% by weight and the balance of titanium 
'5 substantially. 

[0034] The present invention is based on a discovery that sintered alloys (sintered titanium alloys), which comprised 
titanium and proper amounts of the group Va elements, had such mechanical properties that they were of low Young's 
modulus and exhibited high elasticity deformabilities and high strengths. 

[0035] And, the inventors of the present invention confirmed that this titanium alloy was provided with a good cold 
20 working property. The reason why the Va group element is adjusted to 30-60% by weight is as aforementioned. 

[0036] It is not still clear why the titanium alloy of the composition exhibits low Young's modulus, high elasticity 
deformability and high strength, and why it is good in terms of the cold working property, however, at present, the 
reasons are believed as aforementioned. (3) A process for producing a titanium alloy according to the present invention 
is characterized in that the process comprises the steps of: a mixing step of mixing at least two or more raw material 
25 powders containing titanium and an element of group Va in an amount of 30-60% by weight; a compacting step of 
compacting a mixture powder obtained by the mixing step to a green compact of a predetermined shape; and a sintering 
step of sintering the green compact obtained in the compacting step by heating. 

[0037] The production process of the present invention (hereinafter, it is referred to as a "sintering process" wherever 
appropriate.) is suitable for producing the aforementioned titanium alloy. 
30 [0038] As can be understood from the aforementioned patent publications, etc., the conventional titanium alloys ar 
often produced by casting after melting a titanium raw material (for example, a sponge titanium) and an alloy raw 
material, and thereafter by rolling the resulting ingots (hereinafter this process is referred to as a "melting process" 
wherever appropriate.). 

[0039] However, since the titanium has a high melting point and is very active at elevated temperatures, it is difficult 
35 to carry out the melting itself, and there often arise cases where special apparatus are required to carry out the melting. 

Further, it is difficult to control the compositions during the melting, and it is necessary to carry out the multiple melting, 

and so on. Furthermore, a titanium alloy, such as the titanium alloy of the present invention, containing large amounts 

of the alloy components (particularly, the p-stabilizing elements), is less likely to avoid the macro segregations of the 

components, and a stable quality titanium alloy is difficult to obtain. 
40 [0040] On the other hand, in accordance with the sintering process of the present invention , since it is not necessary 

to melt the raw materials, there are no disadvantages like the melting process, and it is possible to efficiently produce 

the titanium alloy according to the present invention. 

[0041] To put it concretely, since the raw material powders are mixed uniformly by the mixing step, a homogeneous 
titanium alloy can be readily obtained. Further, since a green compact having a desired shape from the beginning can 

45 be compacted by the compacting step, the production steps can be significantly reduced. Note that the green compact 
can be compacted as workpiece shapes, such as plates, rods, etc., can be compacted as shapes of final products, or 
shapes of intermediate products before reaching them. And, in the sintering step, the green compact can be sintered 
at temperatures considerably lower than the melting points of titanium alloys, no special apparatuses like those of the 
melting process are required, and, moreover it is possible to carry out an economical and efficient production. 

so [0042] Note that the production process of the present invention uses two or more raw material powders in view of 
the mixing step, and is based on the so-called blended elemental(mixing) method. 

(4) A process for producing a titanium alloy according to the present invention is characterized in that the process 
comprises the steps of: a packing step of packing a raw material powder containing titanium and at least an element 
of group Va in an amount of 30-60% by w ight into a container of a pr det rmin d shap ; and a sintering step of 
55 sintering the raw material powd r in the contain r by using a hot isostatic pressing method (HIP method) after th 
packing step. 

[0043] In accordanc with the production proc ss of th present invention, th aforementioned mixing step and/or 
the compacting step are not required necessarily. Moreover, in accordance with the production process of the present 
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invention, the so-called pre-alloyed powder metallurgy method can be earned out. Accordingly, the kinds of usable raw 
material powders are broadened, not only mixture powders, in which two or more of pure metallic powders and/or pre- 
alloyed powders ar mixed, but also pre-alloyed powders, which have the aforementioned or later described compo- 
sitions of the titanium alloys of the present invention, can be used. And, by using the HIP method, dense sintered 
titanium alloys can be obtained, and, even if the product shape is complicated: the net shape can be carried out. 
[0044] Note that the composition ranges of the aforementioned respective elements are shown in a form of "x-y% 
by weight", unless otherwise specified, it means to include the lower limit value (x% by weight) and the upper limit 
value (y% by weight). 

Brief Description of Drawings 

[0045] Fig. 1 A is a drawing, which schematically illustrates a stress-strain diagram of a titanium alloy according to 
the present invention. 

[0046] Fig. 1 B is a drawing, which schematically illustrates a stress-strain diagram of a conventional titanium alloy. 
Best Mode for Carrying Out the Invention 
(Titanium Alloy) 

(1) Average Young's Modulus and Tensile Elastic Limit Strength 

[0047] An average Young's modulus and a tensile elastic limit strengths which are concerned with a titanium alloy of 
the present invention, will be hereinafter described in detail by using Figs. 1A and 1B. Fig. 1A is a drawing, which 
schematically illustrates a stress-strain diagram of the titanium alloy according to the present invention, and Fig. 1 B is 
a drawing, which schematically illustrates a stress-strain diagram of a conventional titanium alloy (T1-6AI-4V alloy). 
©As illustrated in Fig.1 B, in the conventional metallic material, first of all, the elongation increases linearly in proportion 
to the increment of the tensile stress (between®'-®). And, the Young's modulus of the conventional metallic material 
is determined by the gradient of the straight line. In other words, the Young's modulus is a value, which is determined 
by dividing a tensile stress (nominal stress) with a strain (nominal strain), which is in a proportional relationship thereto. 
[0048] In the straight line range (between®'-®), in which the stress and the elongation (strain) are in a proportional 
relationship, the deformation is elastic, for example, when the stress is unloaded, the elongation, being the deformation 
of a test piece, returns to 0. However, when a tensile stress is further, applied beyond the straight line range, the 
conventional metallic material starts deforming plastically, even when the stress is unloaded, the elongation of the test 
piece does not return to 0, and there arises a permanent elongation. 

[0049] Ordinarily, a stress c p, at which a permanent strain becomes 0.2%, is referred to as a 0.2% proof stress (JIS 
2 2241 ). This 0.2% proof stress is also a stress at the intersection (position©) between a straight line (©'-©), which 
is obtained by parallelly moving the straight line (3>-® : the tangential line of the rising portion) in the elastic deformation 
range by a 0.2% strain, and the stress-strain curve on the stress-strain diagram. 

[0050] In the case of conventional metallic materials, it is ordinarily considered the 0.2% proof stress ^the tensile 
lastic limit strength based on the empirical rule "when the stress exceeds about 0.2%, it becomes the permanent 
stress". Conversely, within the 0.2% proof stress, it is believed that the relationship between the stress and the strain 
is generally linear or elastic. 

©However, as can be seen from the stress-strain diagram of Fig. 1 A, such a conventional concept cannot be applied 
to the titanium alloy of the present invention. The reasons are not clear, however, in the case of the titanium alloy of 
the present invention, the stress-strain diagram does not become linear in the elastic deformation range, but it becomes 
an upwardly convexed curve ®'<D), when the stress is unloaded, the strain returns to 0 along the same curve®-® 
', or there arises a permanent strain along©-©'. 

[0051] Thus, in the titanium alloy of the present invention, the stress and the strain is not in the linear relationship 
even in the elastic deformation range (®-®*), when the stress increases, the strain increases sharply. Moreover, it is 
the same in the case where the stress is unloaded, the stress and the strain are not in the linear relationship, when 
the stress decreases, the strain^ decreases sharply. These characteristics are believed to arise as the high elastic 
deformability of the titanium alloy of the present invention. 

[0052] By the way, in the case of the titanium alloy of the present invention it is appreciated from Fig. 1 A as well 
that the more th gradient of th tang ntial line in the stress-strain diagram d creases, the more th stress incr ases. 
Thus, in the elastic d formation rang , sine the str ss and th strain do not change linearly, it is not appropriat to 
define the Young's modulus of the pres nt invention by th conventional method. 

[0053] Moreover, in th case of the titanium alloy of the present invention, sine th stress and the strain do not 
change lineariy, it is not appropriate either to evaluate 0.2% proof stress 
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(o p') = tensile elastic limit strength by the same method as the conventional method. That is, the 0.2% proof stress, 
which is determined by the conv ntional method, has become a remarkably smaller value than the inher nt tensile 
elastic limit strength, and it is not even possible to consider 0.2% proof stress = tensile elastic limit strength. 
[0054] Therefore, by turning back to the original definition, it is decided to determine the tensile elastic limit strength 
5 ( o e) of the titanium alloy of the present invention as aforementioned (position ©in Fig. 1 A), and is further decided to 
introduce the aforementioned average Young's modulus herein as the Young's modulus of the titanium alloy of the 
present invention. 

[0055] Note that, in Fig. 1 A and Fig. 1 B, c t is the tensile strength, e e is the strain at the tensile elastic limit strength 
( a e) of the titanium alloy of the present invention, and e p is the strain at the 0.2% proof stress ( a p) of the conventional 
10 metallic material. 

(2) Composition 



15 



20 



[0056] ©The titanium alloy of the present invention, when the entirety is taken as 100% by weight, can preferably 
contain one or more elements selected from the metallic element group consisting of zirconium (Zr), hafnium (Hf) and 
scandium (Sc) in a summed amount of 20% by weight or more. 

[0057] Zirconium and hafnium are effective to lower the Young's elasticity and to heighten the strength. Moreover, 
since these elements are the same group (IVa) element as the titanium, and since they are complete solid solution 
type neutral elements, they do not disturb the lowering of the Young's modulus by the Va group element. 
[0058] Further, in the case where the scandium solves into the titanium, it singularly decreases the bond energy 
between the titanium atoms together with the group Va element, and is an effective element to further lower the Young's 
modulus (Reference Material: Proc. 9th World Conf. on Titanium, (1999), to be published). 

[0059] When those elements exceed 20% in total, it is not preferable because it causes the decrement of the strength 
and toughness by the material segregation and the increment of the cost. 
25 [0060] In order to balance among the Young's modulus, the strength, the toughness, etc., those elements can pref- 
erably contain 1% by weight or more, further preferably 5-15% by weight, in total. 

[0061] Furthermore, since these elements are common to the Va group element in many aspects in view of the 
operations, they can be replaced by the Va group element within a predetermined range. 

[0062] That is, it is preferred that the titanium alloy of the present invention comprises one or more elements selected 
30 from the metallic element group consisting of zirconium (Zr), hafnium (HO and scandium (Sc) in a summed amount of 
20% by weight or less, an element of Va group (the vanadium group) in a summed amount of 30-60% by weight together 
with the one or more elements of the metallic element group and the balance of titanium substantially, exhibits an 
average Young's modulus of 75 GPa or less, and exhibits a tensile elastic limit strength of 700 MPa or more. 
[0063] Alternatively, it is preferred that the titanium alloy of the present invention is a sintered alloy, which comprises 
35 one or more elements selected from the metallic element group consisting of zirconium (Zr), hafnium (Hf) and scandium 
(Sc) in a summed amount of 20% by weight or less, an element of Va group (the vanadium group) in a summed amount 
of 30-60% by weight together with the one or more elements of the metallic element group, and the balance of titanium 
substantially. 

[0064] Zirconium, etc., are adjusted to a summed amount of 20% by weight or less, as aforementioned. Moreover, 
40 similarly, those elements can preferably be in a summed amount of 1 % by weight or less, and further preferably 5-1 5% 
by weight. 

©It is preferred that the titanium alloy of the present invention contains one or more elements selected from the metallic 
element group consisting of chromium (Cr), molybdenum (Mo), manganese (Mn), iron (Fe), cobalt (Co) and nickel (Ni). 
More concretely, when the entirety is taken as 100% by weight, it is preferred that the aforementioned chromium and 
the aforementioned molybdenum are 20% by weight or less, respectively, and the aforementioned manganese, the 
aforementioned iron, the aforementioned cobalt and the aforementioned nickel are 1 0% by weight or less, respectively. 
[0065] The chromium and the molybdenum are effective elements in improving the strength and hot forgeability of 
the titanium alloy. When the hot forgeability is improved, the improvements of the productivity and material yield of the 
titanium alloy can be intended. Here, when the chromium or the molybdenum exceeds 20% by weight, the material 
segregation is likely to take place so that it is difficult to obtain a homogeneous material. When those elements are 1% 
by weight or more, it is preferable to intend the improvements of the strength, etc., by the solid solution strengthening, 
and is further preferable to be 3-1 5% by weight. 

[0066] The manganese, the iron, the cobalt and the nickel, similarly to the molybdenum, etc., are effective elements 
in improving the str ngth and hot forgeability of the titanium alloy. Accordingly, inst ad of the molybd num. the chro- 
55 mium, etc., or in addition to the molybd num, the chromium, etc., those lements can b contained. However, wh n 
those of the elements exceed 10% by w ight it is not pr ferable because they form int rmetallic compounds between 
them and the titanium so that the ductility decreases. Wh n those elements ar 1 % by weight or more, it is preferabi 
to intend the improvements of the strength, etc., by the solid solution strengthening, and is further preferable to be 
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2-7% by weight. 

®ln the case where the titanium alloy of the present invention is the sintered alloy, it is appropriate that tin is added 
in addition to the aforementioned metallic element group. 

[0067] Namely, it is more appropriate that the sintered titanium alloy of the present invention contains one or more 

5 elements selected from the metallic element group consisting of chromium (Cr), molybdenum (Mo), manganese (Mn), 
iron (Fe), cobalt (Co), nickel (Ni) and tin (Sn). Concretely, when the entirety is taken as 100% by weight, it is much 
more appropriate that the aforementioned chromium and the aforementioned molybdenum are 20% by weight or less, 
respectively, and the aforementioned manganese, the aforementioned iron, the aforementioned cobalt, the aforemen- 
tioned nickel and the aforementioned tin are 1 0% by weight or less. 

w [0068] The tin is an a -stabilizing element, and is an effective element in improving the strength of the titanium alloy. 
Accordingly, the tin of 10% by weight or less can be contained together with the elements, such as the molybdenum, 
etc. When the tin exceeds 1 0% by weight, the ductility of the titanium alloy decreases so as to cause the decrement 
of the productivity. When the tin is 1% by weight or more, further, when it is 2-8% by weight, it is further preferable to 
intend in highly strengthening along with lowering the Young's modulus. Note that, on the elements, such as the mo- 

is lybdenum, etc., they are the same as aforementioned. 

@lt is appropriate that the titanium alloy of the present invention contains aluminum. Concretely, it is further preferred 
that, when the entirety is taken as 100% by weight, the aforementioned aluminum is 0.3-5% by weight. 
[0069] The aluminum is an effective element in improving the strength of the titanium alloy. Accordingly, the aluminum 
of 0.3-5% by weight can be contained instead of the molybdenum, the iron, etc., or in addition to those elements. When 

20 the aluminum is less than 0.3% by weight, the solid solution strengthening operation is insufficient so that the sufficient 
improvement of the strength cannot be intended. Moreover, when it exceeds 5% by weight, it decreases the ductility 
of the titanium alloy. When the aluminum is 0.5-3% by weight, it is further preferable in view of intending the stable 
improvement of the strength. 

[0070] Note that, when the aluminum is added together with the tin, it is further preferable because the strength can 
25 be improved without decreasing the toughness of the titanium alloy. 

©It is appropriate that, when the. entirety is taken as 100% by weight, the titanium of the present invention contains 
oxygen (O) of 0.08-0.6% by weight. 

[0071 ] Further, when the entirety is taken as 1 00% by weight, the containment of carbon (C) of 0.05-1 .0% by weight 
is appropriate. 

30 [0072] Furthermore, when the entirety is taken as 1 00% by weight, the containment of nitrogen (N) of 0.05-0.8% by 
weight is appropriate. 

[0073] To summarize, it is appropriate, when the entirety is taken as 100% by weight, that one or more elements 
selected from the element group consisting oxygen (O) of 0.08-0.6% by weight, carbon (C) of 0.05-1 .0% by weight 
and nitrogen (N) of 0.05-0.8% by weight are contained. 
35 [0074] The oxygen, the carbon and the nitrogen are all interstitial type solid solution strengthening elements, and 
are effective elements in stabilizing the a phase of the titanium alloy so as to improve the strength. 
[0075] When the oxygen is less than 0.08% by weight, and when the carbon or the nitrogen is less than 0.05% by 
weight, the improvement of the strength of the titanium alloy is not satisfactory. Moreover, when the oxygen exceeds 
0.6% by weight, when the carbon exceeds 1 .0% by weight and when the nitrogen exceeds 0.8% by weight, it is not 
preferable to cause the embrittlement of the titanium alloy. When the oxygen is 0.1% by weight or more, further, 
0.15-0.45% by weight, it is further preferable in terms of the balance between the strength and ductility of the titanium 
alloy. Similarly, when the carbon is 0.1-0.8% by weight, and when the nitrogen is 0.1-0.6% by weight, it is further 
preferable in terms of the balance between the strength and ductility. 

©It is appropriate that, when the entirety is taken as 100% by weight, the titanium of the present invention contains 

45 boron (B) of 0.01-1 .0% by weight. 

[0076] The boron is an effective element in improving the mechanical properties and hot workability of the titanium 
alloy. The boron hardly solves into the titanium alloy, and substantially all the amount thereof is precipitated as titanium 
compound particles (TiB particles, etc.). It is because these precipitated particles remarkably inhibit the crystalline 
granular growth of the titanium alloy so that the structure of the titanium alloy is maintained finely. 

so [0077] When the boron is less than 0.01% by weight, the effect is not sufficient, when it exceeds 1 .0% by weight, 
the rising of the whole Young's modulus of the titanium alloy and the decreasing of the cold workability are taken plac 
by increasing the precipitated particles of high rigidity. 

[0078] Note that, in the case where the boron of 0.01% by weight is added, it is 0.055% by volume by the conversion 
as the TiB particles, while in the case where th boron of 1 % by weight is add d, it is 5.5% by volume by th conversion 
55 as the TiB particles. Accordingly, to put it differently, the titanium alloy of the pr s nt invention is pr f rred that the 
titanium boride particles fall in a range of from 0.055% by volume to 5.5% by volume. 

[0079] By the way, the aforementioned respective component elements can be combined optionally within the pr - 
determined ranges. Concretely, the titanium alloy of the present invention can be made by suitably and selectively 
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combining the aforementioned Zr, Hf, Sc, Cr, Mo, Mn, Fe, Co, Ni. Sn, Al, O, C, N and B within the aforementioned 
ranges. However, this does not exclude to further compound other elements within ranges, which do not deviate from 
the gist of the titanium alloy of the present inv ntion. 

5 (2) Cold Working Structure 

[0080] The cold working structure is a structure which is obtained by cold working the titanium alloy. The inventors 
of the present invention discovered that the aforementioned titanium alloy was very good in terms of the cold workability, 
and that the titanium alloy, which was subjected to a cold working, exhibited a remarkably low Young's modulus, a high 

10 elastic deformability and a high strength. 

[0081] The "cold working" means a temperature sufficiently lower than the recrystallization temperature (the lowest 
temperature causing the recrystallization) of the titanium alloy. The recrystallization temperature depends on the com- 
positions, but it is generally about 600 °C , and, usually, the titanium alloy of the present invention can preferably be 
cold worked in the range of from an ordinary temperature to 300 °C . 

15 [0082] Further, the cold working structure of X% or more is referred to as a cold working structure, which is made 
when a cold working ratio defined by the following equation is X% or more. 
[0083] Cold Working Ratio "X" = (S 0 - S) /S 0 x 1 00 (%) 

[0084] (S 0 : Cross Sectional Area before Cold Working, S: Cross Sectional Area after Cold Working) 
[0085] By such a cold working, a strain is given in the titanium alloy. It is believed that this strain brings about a micro 
20 constructional change in the compositional structure at an atomic level, and that it contributes to reducing the Young's 
modulus of the present invention. 

[0086] Furthermore, it is believed that the accumulation of the elastic strain, which is accompanied by the micro 
constructional change at an atomic level resulting from the cold working, contributes to improving the strength of the 
titanium alloy. 

25 [0087] Concretely, it is appropriate that it has the cold working structure of 1 0% or more : exhibits the average Young's 
modulus of 70 GPa or less, and exhibits the tensile elastic limit strength of 750 MPa. 

[0088] By giving the cold working, the lowering of the Young's modulus, heightening of the elastic deformability and 
heightening of the strength of the titanium alloy can be further developed. 

[0089] Moreover, it is appropriate that the titanium alloy of the present invention has the aforementioned cold working 
30 structure of 50% or more, exhibits the Young's modulus of 65 GPa or less, and exhibits the tensile elastic limit strength 
of 800 MPa or more. In addition, it is further appropriate that the titanium alloy of the present invention has the afore- 
mentioned cold working structure of 70% or more, exhibits the Young's modulus of 60 GPa or less, and exhibits the 
tensile elastic limit strength of 850 MPa or more. Still, it is remarkably appropriate that the titanium alloy of the present 
invention has the aforementioned cold working structure of 90% or more, exhibits the Young's modulus of 55 GPa or 
35 less, and exhibits the tensile elastic limit strength of 900 MPa or more. 

[0090] The titanium alloy of the present invention can make the cold working ratio 99% or more, the details are not 
clear yet, but it is clearly different from the conventional titanium alloys. By comparing with a conventional titanium 
alloy (for example, Ti-22V-4AI: so-called DAT51, etc.), which is good in terms of the cold working property, the cold 
working ratio of the titanium alloy according to the present invention is a quite amazing value. 
40 [0091] Thus, since the titanium alloy of the present invention is extremely good in terms of the cold working property, 
and since its material properties and mechanical properties tend to be further improved, it is the most suitable material 
for a variety of cold-worked and formed products, which require to exhibit not only a low Young's modulus but also a 
high elastic deformability and a high strength. 

45 (3) Sintered Alloy (Sintered Titanium Alloy) 

[0092] A sintered alloy is an alloy, which is obtained by sintering a raw material powder. In the case where the titanium 
alloy of the present invention is a sintered alloy, it effects a low Young's modulus, a high elastic deformability, a high 
strength and a good cold workability. 
so [0093] For instance, the sintered titanium alloy can exhibit the average Young's modulus of 75 GPa or less and the 
tensile elastic limit strength of 700 MPa or more. 

[0094] Further, the titanium alloy of the present invention can adjust the Young's modulus, the strength, the density 
and so on by adjusting a pore amount in its structure. For example, it is appropriate that the sintered alloy contains 
pores of 30% by volume or less. By making the pores 30% by volume or less, v n when it has the sam alloy com- 
55 position, it is accordingly possible to sharply reduce the average Young's modulus. 

[0095] While, when the sintered alloy is a structur , in which the por s ar densified to 5% by volume or less by hot 
working, it is appropriate b cause new merits are given thereto. 

[0096] Namely, when the sintered alloy is densified by hot working, the titanium alloy can have a good cold workability 
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in addition to the low Young's modulus, the high elastic deformability and the high strength. And, it is more appropriate 
that the pores are decreased to 1% by volume or less. 

[0097] Note that the hot working means plastic deformation carried out at recrystallization temperatures or more, 
for instance, there are hot forging, hot rolling, hot swaging, HIP etc. 
5 [0098] Furthermore, the pores mean voids, which reside in sintered alloys, and are evaluated by a relative density. 
The relative density is expressed by a percentage value (p / p 0 ) x 100 (%) in which a density p of a sintered substance 
is divided by a true density p 0 (in the case where the residual pores are 0%), the volume % of the pores is expressed 
by the following equation. 

10 

Volume % of Pores = {1 - (p / p 0 )} x 100 (%) 

[0099] For example, in the case where a metallic powder is subjected to a CI P (Cold Isostatic Pressing), it is possible 
to readily adjust the volumetric amount of the pores by adjusting the hydrostatic pressure (for instance, 2-4 ton/cm 2 ). 
is [01 00] The size of the pores are not limited in particular, however, for example, when the average diameter is 50 u,m 
or less : the uniformity of the sintered alloy is maintained, the decrement of the strength is suppressed, and the titanium 
alloy has a proper ductility. Here, the average diameter means the average diameter of circles, which is calculated by 
substituting the circles, having equivalent cross sectional areas, for the pores, which are measured by a two-dim n- 
sional image processing. 

20 

(The Production Process of the Titanium Alloy) 
(1) Raw Material Powder 

25 [01 01 ] The raw material powder, which is needed in the case of the sintering method, contains at least titanium and 
a Va group element. However, they can take a variety of forms. For example, the raw material powder can further 
contain Zr, Hf, Sc, Cr, Mo, Mn, Fe, Co, Ni, Sn, Al, O, C, N or B. 

[01 02] Concretely, for instance, it is appropriate that, when the entirety is taken as 1 00% by weight, the raw material 
powder contains one or more elements, selected from the metallic element group consisting of zirconium (Zr), hafnium 

30 (Hf) and scandium (Sc), in a summed amount of 20% by weight or less. 

[0103] And, it is appropriate that a production process of the present invention comprises the steps of: a mixing step 
of mixing at least two or more raw material powders containing one or more elements selected from the metallic element 
group consisting of zirconium (Zr), hafnium (Hf) and scandium (Sc) in a summed amount of 20% by weight or less and 
an element of Va group (the vanadium group) in a summed amount of 30-60% by weight together with the one or more 

35 elements of the metallic element group; a compacting step of compacting a mixture powder obtained by the mixing 
step to a green compact of a predetermined shape; and a sintering step of sintering the green compact obtained in 
the compacting step by heating. 

[0104] Alternatively, it is appropriate that a production process of the present invention comprises the steps of: a 
packing step of packing a raw material powder containing at least titanium, one or more elements selected from the 
^0 metallic element group consisting of zirconium (Zr), hafnium (Hf) and scandium (Sc) in a summed amount of 20% by 
weight or less and an element of Va group (the vanadium group) in a summed amount of 30-60% by weight together 
with the one or more elements of the metallic element group into a container of a predetermined shape; and a sintering 
step of sintering the raw material powder in the container by using a hot isostatic pressing method (HIP method) after 
the packing step. 

45 [0105] It is appropriate that the raw material powder further contains at least one or more element selected from the 
group consisting of chromium, manganese, cobalt, nickel, molybdenum, iron, tin, aluminum, oxygen, carbon, nitrogen 
and boron. 

[0106] In the case where the production process of the present invention is accompanied by the mixing step, it is 
appropriate that the raw material comprises two or more of pure metallic element powders and/or alloy powders. 

50 [0107] As a concrete usable powder, for example, a sponge powder, a hydride-dehydride titanium powder, a titanium 
hydride powder, an atomized powder, etc, can be used. The particle configuration and particle diameter (particle di- 
ameter distribution) of the powder are not limited in particular, a commercially available powder can be used as it is. 
However, the usable powder, in view of the cost and denseness of a sintered body, it is preferred that the averag 
particle diamet r is 1 00 u.m or I ss. Mor over, when th particle diam ter of the powder is 45 u,m (#325) or less, it is 

55 likely to obtain a much denser sintered body. 

[0108] In the case where the production proc ss of the present invention employs the HIP method, it is appropriate 
that the raw material powder comprises an alloy powder, which contains titanium and at least a Va group element. This 
alloy powder is a Dowder, which is provided with the composition of the titanium alloy according to the present invention, 
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and it is produced, for, example, by a gas atomizing method, an REP method (Rotary Electrode method), a PREP 
method (Plasma Rotary Electrode method), or a method, in which an ingot, produced by the melting process, is hy- 
drogenated and is thereafter pulverized, moreover an MA method (Mechanical Alloying Method), and so forth. 

5 (2) Mixing Step 

[0109] The mixing step is a step, in which the raw material powder is mixed. In mixing them, a V-shaped mixer, a 
ball mill and a vibration mill, a high energy ball mill (for instance, an attritor), etc., can be used. 

10 (3) Compacting Step 

[0110] The compacting step is a step, in which a mixture powder obtained in the mixing step is formed into a green 
compact of a predetermined shape. The shape of the green compact can be final shapes of products, or can be a billet 
shape, etc., in the case where a processing is further carried out after the sintering step. 
'5 [0111] As the compacting step, for example, the die forming, the CIP (Cold Isostatic Pressing), the RIP forming 
(Rubber Isostatic Press Forming), and so on. can be used. 

(4) Packing Step 

20 [01 12] The packing step is a step, in which the aforementioned raw material powder containing at least titanium and 
the Va group element is packed into a container of a predetermined shape, and it is necessary to use the hot isostatic 
pressing method (HIP method). The inner shape of the container, into which the raw material powder is packed, cor- 
responds to a desired product shape. Further, the container can be made, for example, from a metal, from a ceramic, 
or from glass. Furthermore, after vacuum degassing, the raw material powder can be packed into and seated in the 

25 container. 

(5) Sintering Step 

[01 13] The sintering step is a step, in which the green compact, obtained in the aforementioned compacting step, is 
30 heated to sinter, thereby obtaining a sintered body, or the powder in the aforementioned container is pressurized and 

solidified by using the hot isostatic pressing method (HIP) after the aforementioned packing step. 

[0114] In the case where the green compact is sintered, it is preferred that it is carried out in an atmosphere of a 

vacuum or inert gas. Further, it is preferred that the sintering temperature is carried out at the melting point of the alloy 

or less and in a temperature range where the component elements are diffused sufficiently, for instance, the temperature 
35 range is 1 ,200 °C -1 ,400 °C .. Furthermore, it is preferred that the sintering time is 2-1 6 hours. Accordingly, in view of 

intending to density the titanium alloy and to make the productivity efficient, it is suitable that the sintering step is carried 

out under the conditions at 1 ,200 °C -1 ,400 °C and for 2-1 6 hours. 

[0115] In the case where it is done by the HIP method, it is preferred that it is carried out in a temperature range 
where the diffusion is easy, the powder exhibits a small deformation resistance, and it is less likely to react with the 
40 aforementioned container. For instance, the temperature range is 900 °C -1,300 °C . Furthermore, it is preferred that 
the forming pressure is a pressure, at which the packed powder can adequately carry out the creep deformation, for 
example, the pressure range is 50-200 MPa (500-2,000 atm). It is preferred that processing time of the HIP is a tim , 
within which the powder can sufficiently carry out the creep deformation to density and the alloy components can diffuse 
among the powders, for instance, the time is 1 hour-10 hours. 



45 



so 



(6) Processing Step 



[0116] ©By carrying out the hot working, it is possible to density the structure by reducing the pores, etc., in the 
sintered alloy. 

[0117] Accordingly, it is appropriate that the production process of the present invention further has a hot working 
step, in which the structure of the^sintered body is densrfied by hot working the sintered body, which is obtained after 
the aforementioned sintering step. This hot working can be carried out to form rough shapes of products. 
©Since the titanium alloy obtained by the production process of the present invention is good in terms of the c Id 
workability, a variety of products can be produc d by cold working the obtained sintered body. 
55 [01 18] Hence, it is appropriate that the production proc ss of the present inv ntion further has a cold working step, 
in which the sintered substance obtained after the sintering st p is formed as workpieces or products by cold working. 
And, it is suitable that, aft r carrying out a rough processing by th aforementioned hot working, a finish processing 
can be earned out by cold working. 



11 




EP 1 114 876 A1 

(The Usage of the Titanium Alloy) 

[01 1 9] Since the titanium alloy of the present inv ntion exhibits the low Young's modulus, the high elastic deformability 
and the high strength, it can be used widely to products, which match the characteristics. Further, since it is also 

5 provided with the good cold workability, when the titanium alloy is used to cold-worked products, the processing crack, 
etc., can be reduced sharply so that the material yield is improved. Furthermore, even products, which are made from 
the conventional titanium alloys, and which require cutting processes configurationally, can be formed of the titanium 
alloy of the present invention by cold forging, and so on, and it is very effective in order to mass-produce titanium 
products and to reduce the costs. 

w [0120] For instance, the titanium alloy of the present invention is applicable to industrial machines, automobiles, 
motorbikes, bicycles, household electric appliances, aero and space apparatuses, ships, accessories, sports and lei- 
sure articles, products relating to living bodies, medical equipment parts, toys, and the like. 

[0121] With reference to a (coiled) spring of an automobile, the titanium alloy of the present invention exhibits a 
Young's modulus of from 1/3 to 1 /5 with respect to a conventional spring steel, in addition, since the elastic deformability 
'5 is 5 times or more, the number of turns can be decreased from 1/3 to 1/5. Moreover, since the present titanium alloy 
has a specific weight of 70% with respect to those of steels used usually as a spring, a considerable light-weighting 
can be realized. 

[01 22] Further, with reference to a frame of eyeglasses as accessories, since the titanium alloy of the present inven- 
tion exhibits a lower Young's modulus than those of conventional titanium alloys, it is likely to bend at the temples, etc., 
20 so that it fits well with a face, and, further, it is good in terms of the impact absorbing property and the recovering 
property of the configuration. 

Furthermore, since it exhibits a high strength and is good in terms of the cold workability, it is easy to form it into from 
a fine line material to a frame of eyeglasses, and the like, and can be intended to improve the material yield. Moreover, 
in accordance with the frame of eyeglasses made from the fine line material, the fitness, light-weighting, wearing prop- 

25 erty, and so on, of the eyeglasses are furthermore improved. 

[0123] Still, it is described with reference to a golf club as sports and leisure articles, for instance, in the case wher 
a shaft of a golf club comprises the titanium alloy of the present invention, the shaft is likely to flex, an elastic energy 
to be transmitted to a golf ball increases, and it can be expected to improve the driving distance of the golf ball. Still 
further, in the case where a head of a golf club, especially, a face part comprises the titanium alloy of the present 

30 invention, the intrinsic frequency of the head can be remarkably reduced by the low Young's modulus and the thinning 
resulting from the high strength, in accordance with the golf club provided with the head, it is expected to greatly extend 
a driving distance of the golf ball. Note that the theories regarding golf clubs are disclosed, for example, in Japanese 
Examined Patent Publication (KOKOKU) No. 7-98,077, International Laid-Open Publication No. W098/46,312, etc. 
[0124] In addition, in accordance with the titanium alloy of the present invention, due to the excellent characteristics, 

35 it is possible to improve the hitting feeling, etc., of golf clubs, and the designing freedom of golf clubs can be enlarged 
remarkably. 

[0125] Further, in the field of medical treatments, the titanium alloy of the present invention can be used in artificial 
bones, artificial joints, artificial transplantation tissues, fasteners for bones, and the like, which are disposed in a living 
body, and to functional members (catheters, forcepses, valves, etc.), and so on, of medical instruments. For example, 

40 in the case where an artificial bone comprises the titanium alloy of the present invention, the artificial bone has a low 
- young's modulus, which is approximate to those of human bones, the balance is intended to keep up with human bones 
so that it is good in terms of the living body compatibility, and, in addition, it has a sufficiently high strength as bones. 
[0126] Furthermore, the titanium alloy of the present invention is suitable for damping members. This is because, 
as it is understood from the relational equation, E = p V2 (E: Young's modulus, p : Material Density, V: Acoustic Velocity 

45 Transmitted in the Material), that the acoustic velocity, which is transmitted in the material, can be reduced by decreasing 
the Young's modulus. 

[0127] In addition, the present invention can be used in a variety of respective products in a variety of fields, for 
example, raw materials (wire, rods, square bars, plates, foils, fibers, fabrics, etc.), portable articles (clocks (wrist watch- 
es), barretters (hair accessories), necklaces, bracelets, earrings, pierces, rings, tiepins, brooches, cuff links, belts with 

50 buckles, lighters, nibs of fountain pens, clips for fountain pens, key rings, keys, ballpoint pens, mechanical pencils, 
tc), portable information terminals (cellular phones, portable recorders, cases, etc., of mobile personal computers, 
etc., and the like), springs for engine valves, suspension springs, bumpers, gaskets, diaphragms, bellows, hoses, hos 
bands, tweezers, fishing rods., fishhooks, sewing needles, sewing-machine needles, syringe needles, spikes, metallic 
brushes, chairs, sofas, beds, clutches, bats, a variety of wires, a variety of bind rs, clips for papers, etc., cushioning 

55 materials, a variety of metallic sheets, xpanders, trampolin s, a variety of physical fitness xercis apparatuses, 
wheelchairs, nursing apparatuses, r habilitation apparatuses, brassieres, corsets, camera bodies, shutt r component 
parts, blackout curtains, curtains, blinds, balloons, airships, tents, a variety of membranes, helmets, fishing nets, tea 
strainers, umbrellas, firemen's garments, bullet-proof vest, a variety of containers, such as fuel tanks, etc., inner linings 



12 





EP 1 114 876 A1 



of tires, reinforcement m mbers of tires, chassis of bicycles, bolts, rulers, a variety of torsion bars, spiral springs, power 
transmission belts (hoops, etc., of CVT), and so on. 

[0128] And : the titanium alloy according to the present invention and the products can be produced by a variety of 
production processes, such as casting, forging, super plastic forming, hot working, cold working, sintering, and the like. 



[0129] Hereinafter, a variety of concrete examples whose compositions, cold working ratios, etc., are varied will be 
exemplified, and the titanium alloy according to the present invention and the production process therefor will be de- 
10 scribed further in detail. 

A. Test Sample Nos. 1 -84 

[0130] First of all, by using the production process of the titanium alloy according to the present invention, etc., Test 
'5 Sample Nos. 1-84 were produced. 

(1) Test Sample Nos. 1-13 

[01 31 ] Test Sample Nos. 1 -3 relate to titanium alloys, which comprised 30-60% by weight of a Va group element and 
20 titanium. 

©Test Sample No. 1 

[0132] As raw material powders, commercially available hydride-dehydride Ti powders (-#325, -#100), which corre- 
25 sponded to a titanium powder set forth in the present invention, a niobium (Nb) powder (-#325), a vanadium (V) powder 
(-#325) and a tantalum (Ta) powder (-#325) were prepared. Note that, hereinafter, the aforesaid identical powders will 
be simply referred to as the "titanium powder", "niobium powder", "vanadium powder", "tantalum powder", and so on. 
Note that, the amount of the contained oxygen at this time was adjusted by the oxygen contained in the titanium powder. 
Moreover, note that the chemical compositions in Table 1 are expressed with % by weight, and that the descriptions 
30 on titanium being the balance are abbreviated. 

[0133] These respective powders were prepared and mixed so as to be the composition ratio of Table 1 (mixing 
step). This mixture powder was subjected to the CIP (Cold Isostatic Pressing) at a pressure of 4 ton/cm 2 , thereby 
obtaining a columnar green compact of 0 40 x 80 mm (compacting step). The green compact obtained by the com- 
pacting step was heated to sinter in a vacuum of 1 x 10" 5 torr at 1 ,300 a C x 1 6 hours, thereby making a sintered body 
35 (sintering step). Moreover, this sintered body was subjected to hot working in air at 750-1 ,150°C (hot working step), 
was made into a round bar of 0 1 0 mm, and was labeled as Test Sample No. 1 . 

©Test Sample No. 2 

40 [0134] As raw materials, a sponge titanium, niobium of high purity and vanadium briquet were prepared. These raw 
materials were compounded in an amount of 1 kg so as to be the chemical composition of Table 1 (compounding step). 
These raw materials were melted by using an induction scull (melting step), were cast with a die (casting step), and 
thereafter an ingot material of 0 60 x 60 mm was obtained. Note that the melting treatment was carried out by 5 times 
of a re-melting treatment in order to homogenize. This ingot material was hot forged at 700-1 ,1 50 °C in air (hot working 

« step), and was made into a round bar of 0 10 mm, and was labeled as Test Sample No. 2. 

©Test Sample No. 3 and Test Sample Nos. 8-11 

[0135] As raw material powders, the titanium powder and the niobium powder, and the tantalum powder were used 
50 so as to be the chemical compositions of Table 1 . Thereafter, the respective test samples were produced in the same 
manner as Test Sample No. 1 . 

@Test Sample No. 7 

>5 [0136] As raw materials, a sponge titanium, niobium of high purity and tantalum briquet w re prepared. These raw 
materials were compounded in an amount of 1 kg so as to be the chemical composition of Table 1 (compounding st p). 
Thereafter, Test Sample No. 7 was produced in the same manner as Test Sample No. 2. 



5 



(Examples) 
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©Test Sample Nos. 5, 6, 12 and 13 

[01 37] As raw material powders, the titanium powder and the niobium powder, the tantalum powder and the vanadium 
powder wer used so as to be the chemical compositions of Table 1. Thereafter, the respective test samples were 
5 produced in the same manner as Test Sample No. 1 . 

(2) Test Sample Nos. 14-24 

[0138] Test Sample Nos. 14-24 substituted zirconium, hafnium and scandium for a part of the Va group element of 
10 Test Sample Nos. 6-1 0 and 1 2 as set forth in Table 1 . 

©Test Sample No. 14 

[0139] Test Sample No. 14 substituted zirconium for a part of tantalum in Test Sample No. 9. As raw material powders, 
15 the titanium powder and the niobium powder, the tantalum powder and a zirconium (Zr) powder (-#325) were used so 
as to be the chemical composition of Table 2. Thereafter, Test Sample No. 14 was produced in the same manner as 
Test Sample No. 1 . 

©Test Sample No. 15 

20 

[0140] Test Sample No. 15 substituted zirconium for a part of niobium in Test Sample No. 7. As raw materials, a 
sponge titanium, niobium of high purity and tantalum briquet were prepared. These raw materials were compounded 
in an amount of 1 kg so as to be the chemical composition of Table 2 (compounding step). Thereafter, Test Sample 
No. 15 was produced in the same manner as Test Sample No. 2. 

25 

©Test Sample No. 16 

[0141] Test Sample No. 16 substituted zirconium for a part of niobium in Test Sample No. 8. As raw material powders, 
the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were used so as to be 
30 the chemical composition of Table 2. Thereafter, Test Sample No. 1 6 was produced in the same manner as Test Sample 
No. 1. 

©Test Sample No. 17 

35 [0142] Test Sample No. 17 substituted zirconium for a part of tantalum in Test Sample No. 10. As raw material 
powders, the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were used so 
as to be the chemical composition of Table 2. Thereafter, Test Sample No. 17 was produced in the same manner as 
Test Sample No. 1 . 

40 ©Test Sample No. 18 

[0143] Test Sample No. 1 8 substituted zirconium for tantalum in Test Sample No. 10. As raw material powders, the 
titanium powder and the niobium powder and the zirconium powder were used so as to be the chemical composition 
of Table 2. Thereafter, Test Sample No. 1 8 was produced in the same manner as Test Sample No. 1 . 

45 

©Test Sample No. 19 

[0144] Test Sample No. 19 substituted zirconium for parts of niobium and tantalum in Test Sample No. 9. As raw 
material powders, the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were 
50 used so as to be the chemical composition of Table 2. Thereafter, Test Sample No. 19 was produced in the same 
manner as Test Sample No. 1 . 

©Test Sample No. 20 

55 [0145] Test Sample No. 20 substituted zirconium for parts of niobium and vanadium in Test Sampl No. 12. As raw 
material powders, the titanium powder and the niobium powder, th vanadium powder, the tantalum powder and th 
zirconium powder were used so as to be the chemical composition of Table 2. Thereafter, Test Sample No. 20 was 
produced in the same manner as Test Sample No. 1 . 
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©Test Sample No. 21 

[0146] Test Sample No. 21 substituted zirconium and hafnium for a part of vanadium in Test Sample No. 6. As raw 
materia! powders, the titanium powder and the niobium powder, the vanadium powder, the tantalum powder, the zir- 
5 conium powder and a hafnium (Hf) powder (-#325) were used so as to be the chemical composition of Table 2. There- 
after, Test Sample No. 21 was produced in the same manner as Test Sample No. 1 . 

©Test Sample No. 22 

10 [0147] Test Sample No. 22 substituted hafnium for parts of niobium and tantalum in Test Sample No. 10. As raw 
material powders, the titanium powder and the niobium powder, the tantalum powder and the hafnium powder were 
used so as to be the chemical composition of Table 2. Thereafter, Test Sample No. 22 was produced in the same 
manner as Test Sample No. 1 . 

15 © Test Sample No. 23 

[01 48] Test Sample No. 23 substituted zirconium for a part of niobium in Test Sample No. 1 2. As raw material powders, 
the titanium powder and the niobium powder, the vanadium powder, the tantalum powder and the zirconium powder, 
were used so as to be the chemical composition of Table 2. Thereafter, Test Sample No. 23 was produced in the same 
20 manner as Test Sample No. 1 . 

<0> Test Sample No. 24 

[0149] Test Sample No. 24 substituted scandium for parts of niobium and tantalum in Test Sample No. 9. As raw 
25 material powders, the titanium powder and the niobium powder, the tantalum powder and a scandium (Sc) powder (- 
#325) were used so as to be the composition ratio of Table 2. Thereafter, Test Sample No. 24 was produced in the 
same manner as Test Sample No. 1 . 

(3) Test Sample Nos. 25-31 

30 

[0150] Test Sample Nos. 25-31 were made by further adding chromium, manganese, cobalt, nickel, molybdenum 
and iron to Test Sample Nos. 11, 14, 16, 17, 18 and 23. 

©Test Sample No. 25 

35 

[0151] Test Sample No. 25 was made by adding chromium to Test Sample No. 23. As raw material powders, the 
titanium powder and the niobium powder the vanadium powder, the tantalum powder, the zirconium powder and a 
chromium (Cr) powder (-#325) were used so as to be the chemical composition of Table 3. Thereafter, Test Sample 
No. 25 was produced in the same manner as Test Sample No. 1 . 

40 

©Test Sample No. 26 

[0152] Test Sample No. 26 was made by adding molybdenum to Test Sample No. 14. As raw material powders, the 
titanium powder, the niobium powder, the tantalum powder, the zirconium powder and a molybdenum (Mo) powder (- 
45 #325) were used so as to be the chemical composition of Table 3. Thereafter, Test Sample No. 26 was produced in 
the same manner as Test Sample No. 1 . 

©Test Sample No. 27 

50 [0153] Test Sample No. 27 was made by adding molybdenum to Test Sample No. 11 . As raw material powders, th 
titanium powder and the niobium powder, the tantalum powder and the molybdenum powder were used so as to be 
the chemical composition of Table 3. Thereafter, Test Sample No. 27 was produced in the same manner as Test Sampl 
No. 1. 

55 @T st Sample No. 28 

[01 54] Test Sample No. 28 was made by adding cobalt to Test Sampl No. 1 8. As raw material powders, the titanium 
powder and the niobium powder the zirconium powd r and a cobalt (Co) powder (-#325) were used so as to be the 



15 




EP 1 114 876 A1 

chemical composition of Table 3. Thereafter, Test Sample No. 28 was produced in the same manner as Test Sample 
No. 1. 

©Test Sample No. 29 

5 

[01 55] Test Sample No. 29 was made by adding nickel to Test Sample No. 1 6. As raw material powders, the titanium 
powder and the niobium powder, the tantalum powder, the zirconium powder and a nickel (Ni) powder (-#325) were 
used so as to be the chemical composition of Table 3. Thereafter, Test Sample No. 29 was produced in the same 
manner as Test Sample No. 1 . 

10 

©Test Sample No. 30 



[0156] Test Sample No. 30 was made by adding manganese to Test Sample No. 17. As raw material powders, the 
titanium powder and the niobium powder, the tantalum powder, the zirconium powder and a manganese (Mn) powder 
'5 (-#325) were used so as to be the chemical composition of Table 3. Thereafter, Test Sample No. 30 was produced in 
the same manner as Test Sample No. 1 . 

(7)Sample No. 31 

20 [0157] Test Sample No. 31 was made by adding iron to Test Sample No. 14. As raw material powders, the titanium 
powder and the niobium powder, the tantalum powder, the zirconium powder and an iron (Fe) powder (-#325) were 
used so as to be the chemical composition of Table 3. Thereafter, Test Sample No. 31 was produced in the same 
manner as Test Sample No. 1 . 

25 (4) Test Sample Nos. 32-3B 



[0158] Test Sample Nos. 32-34 were made by further compounding aluminum to Test Sample Nos. 14, 16 and 18. 
Test Sample No. 35-38 were made by further.compounding tin (and aluminum) to Test Sample Nos. 8, 16 and 18. 

30 ®Test Sample No. 32 



[0159] Test Sample No. 32 was made by adding aluminum to Test Sample No. 16. As raw material powders, the 
titanium powder and the niobium powder, the tantalum powder, the zirconium powder and an aluminum (Al) powder (- 
#325) were used so as to be the chemical composition of Table 3. Thereafter, Test Sample No. 32 was produced in 
the same manner as Test Sample No. 1 . 

©Test Sample No. 33 

[0160] Test Sample No. 33 was made by adding aluminum to Test Sample No. 18. As raw material powders, the 
titanium powder and the niobium powder, the zirconium powder and the aluminum powder were used so as to be the 
chemical composition of Table 3. Thereafter, Test Sample No. 33 was produced in the same manner as Test Sample 
No. 1. 



©Test Sample No. 34 

45 

[0161] Test Sample No. 34 was made by adding aluminum to Test Sample No. 14. As raw material powders, the 
titanium powder and the niobium powder, the tantalum powder, the zirconium powder and an aluminum powder were 
used so as to be the composition ratio of Table 3. Thereafter, Test Sample No. 34 was produced in the same manner 
as Test Sample No. 1 . 

50 

©Test Sample No. 35 



[0162] Test Sample No. 35 was made by adding tin to Test Sample No. 7. As raw material powders, the titanium 
powder and the niobium powder, th tantalum powder and a tin (Sn) powder (-#325) wer used so as to be the chemical 
composition of Table 3. Thereafter, Test Sampl No. 35 was produc d in th same manner as Test Sample No. 1 . 
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©Test Sample No. 36 

[0163] Test Sample No. 36 was made by adding tin to Test Sample No. 16. As raw material powders, the titanium 
powder and the niobium powd r. the tantalum powder, the zirconium powder and the tin powder were used so as to 
5 be the chemical composition of Table 3. Thereafter, Test Sample No. 36 was produced in the same manner as Test 
Sample No.L 

©Test Sample No. 37 

10 [0164] Test Sample No. 37 was made by adding tin to Test Sample No. 18. As raw material powders : the titanium 
powder and the niobium powder, the zirconium powder and the tin powder were used so as to be the chemical com- 
position of Table 3. Thereafter, Test Sample No. 37 was produced in the same manner as Test Sample No. 1 . 

©Test Sample No. 38 

15 

[0165] Test Sample No. 38 was made by adding tin and aluminum to Test Sample No. 16. As raw material powders, 
the titanium powder and the niobium powder, the tantalum powder, the zirconium powder, the tin powder and the 
aluminum powder were used so as to be the chemical composition of Table 3. Thereafter, Test Sample No. 38 was 
produced in the same manner as Test Sample No. 1 . 

20 

(5) Test Sample Nos. 39-46 

[0166] Test Sample Nos. 39-46 were actively varied the oxygen amounts contained in Test Sample Nos. 4, 10, 14, 
17 and 18. 

25 

®Test Sample Nos. 39 and 40 

[0167] Test Sample Nos. 39 and 40 increased the oxygen amount in Test Sample No. 4. As raw material powders, 
the titanium powder and the niobium powder and the tantalum powder were used so as to be the chemical compositions 
30 of Table 4. Thereafter, Test Sample Nos. 39 and 40 were produced in the same manner as Test Sample No. 1 . 

©Test Sample Nos. 41 and 42 

[0168] Test Sample Nos. 41 and 42 increased the oxygen amount in Test Sample No. 1 0. As raw material powders, 
35 the titanium powder and the niobium powder and the tantalum powder were used so as to be the chemical compositions 
of Table 4. Thereafter, Test Sample Nos. 41 and 42 were produced in the same manner as Test Sample No. 1 . 

©Test Sample Nos. 43 and 44 

40 [0169] Test Sample Nos. 43 and 44 increased the oxygen amount in Test Sample No. 14. As raw material powders, 
. the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were used so as to b 
the chemical compositions of Table 4. Thereafter, Test Sample Nos. 43 and 44 were produced in the same manner as 
Test Sample No. 1 . 

45 @Test Sample No. 45 

[0170] Test Sample No. 45 increased the oxygen amount in Test Sample No. 18. As raw material powders, th 
titanium powder and the niobium powder, and the zirconium powder were used so as to be the chemical composition 
of Table 4. Thereafter, Test Sample No. 45 were produced in the same manner as Test Sample No. 1 . 

50 

©Test Sample No. 46 

[0171] Test Sample No. 46 increased the oxygen amount in Test Sample No. 17. As raw material powders, the 
titanium powder and the niobium powder, the tantalum powder and th zirconium powder w r used so as to be th 
55 ch mical composition of Table 4. Thereafter, T st Sample No. 46 w re produc d in the sam manner as T st Sample 
No. 1. 
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(6) Test Sample Nos. 47-54 

[0172J Test Sample Nos. 47-54 were made by further adding carbon, nitrogen and boron in Test Sample Nos. 10, 



[0173] Test Sample Nos. 47 and 48 were made by adding carbon to Test Sample No. 1 8. As raw material powders, 
the titanium powder and the niobium powder the zirconium powder and a TIC powder (-#325) were used so as to be 
10 the chemical compositions of Table 4. Thereafter, Test Sample Nos. 47 and 48 were produced in the same manner as 
Test Sample No. 1 . 

©Test Sample No. 49 

15 [01 74] Test Sample No. 49 was made by adding carbon to Test Sample No. 1 6. As raw material powders, the titanium 
powder and the niobium powder, the zirconium powder and the TiC powder were used so as to be the chemical com- 
position of Table 4. Thereafter, Test Sample No. 49 were produced in the same manner as Test Sample No. 1 . 

©Test Sample Nos. 50 and 51 

20 

[0175] Test Sample Nos. 50 and 51 were made by adding nitrogen to Test Sample No. 1 7. As raw material powders, 
the titanium . powder and the niobium powder, the tantalum powder, the zirconium powder and a TIN powder (-#325) 
were used so as to be the chemical compositions of Table 4. Thereafter, Test Sample Nos. 50 and 51 were produced 
in the same manner as Test Sample No. 1 . 

25 

@Test Sample No. 52 

[0176] Test Sample No. 52 were made by adding boron to Test Sample No. 1 7. As raw material powders, the titanium 
powder and the niobium powder the tantalum powder, the zirconium powder and a TIB 2 powder (-#325) were used 
30 so as to be the chemical composition of Table 4. Thereafter, Test Sample No. 52 were produced in the same mann r 
as Test Sample No. 1 . 

©Test Sample No. 53 

35 [0177] Test Sample No. 53 were made by adding boron to Test Sample No. 1 6. As raw material powders, the titanium 
powder and the niobium powder, the tantalum powder, the zirconium powder and the TiB 2 powder were used so as 
to be the chemical composition of Table 4. Thereafter, Test Sample No. 53 were produced in the same manner as Test 
Sample No. 1. 

40 ©Test Sample No. 54 

[01 78] Test Sample No. 54 were made by adding boron to Test Sample No. 1 0. As raw material powders, the titanium 
powder and the niobium powder, the tantalum powder and a TiB 2 powder were used so as to be the chemical com- 
position of Table 4. Thereafter, Test Sample No. 54 were produced in the same manner as Test Sample No. 1. 

45 

(7) Sample Nos. 55-74 

[0179] Test Samples Nos. 55-74 were made by further carrying out the cold working onto Test Sample Nos. 2, 7, 14, 
15, 16, 17, 18,22,26, 32 and 53. 

50 

®Test Sample No. 55 

[0180] Test Sample No. 55 was made by carrying out the cold working onto Test Sample No. 2. As raw materials, a 
sponge titanium, niobium of high purity and vanadium briquet wer prepared. These raw mat rials wer compound d 
55 jn an amount of 1 kg so as to be th chemical composition of Tabl 5A (compounding step). These raw materials were 
melted by using an induction scull (melting st p), were cast with a die (casting step), and thereafter an ingot material 
of 0 60 x 60 was obtained. Note that melting treatment was carri d out by 5 times of a re-m Iting treatment in order 
to homogenize. This ingot material was hot forged at 700-1 , 1 50 °C in air (hot working step), and was made into a round 



16, 17 and 18. 



5 



©Test Sample Nos. 47 and 48 
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bar of 0 20 mm. This round bar of 0 20 mm was subjected to the cold worked by a cold swaging machine, thereby 
producing T st Sample No. 55, which had the cold working ratio set forth In Table 5A. 

©Test Sample No. 56 

[0181] Test Sample No. 56 was made by carrying out the cold working onto Test Sample No. 7. As raw materials, a 
sponge titanium, niobium of high purity and tantalum briquet were prepared. These raw materials were compounded 
in an amount of 1 kg so as to be the chemical composition of Table 5A (compounding step). Thereafter, Test Sample 
No. 56, which had the cold working ratio set forth in Table 5A, was produced in the same manner as Test Sample No. 55. 

©Test Sample Nos. 57 and 58 

[01 82 J Test Sample Nos. 57 and 58 were made by carrying out the cold working onto Test Sample No. 15. As raw 
materials, a sponge titanium, niobium of high purity, tantalum and zirconium briquet were prepared. These raw materials 
were compounded in an amount of 1 kg so as to be the chemical compositions of Table 5A (compounding step). 
Thereafter, Test Sample Nos. 57 and 58, which had cold working ratios set forth in Table 5A, were produced in the 
same manner as Test Sample No. 55. 

©Test Sample Nos. 59-62 

[01 83] Test Sample Nos. 59-62 were made by carrying out the cold working onto Test Sample No. 1 4. As raw material 
powders, the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were used, 
and were prepared and mixed so as to be the composition ratio of Table 5A (mixing step). This mixture powder was 
subjected to the CIP (Cold Isostatic Pressing) at a pressure of 4 ton/cm 2 , thereby obtaining a columnar green compact 
of 0 40 x 80 mm (compacting step). The green compact obtained by the compacting step was heated to sinter in a 
vacuum of 1 x 1 0" 5 torr at 1 ,300°C x 1 6 hours, thereby making a sintered body (sintering step). Moreover, this sintered 
body was subjected to the hot working in air at 750-1 ,1 50 °C (hot working step), and was made into a round bar of 0 
20 mm. This round bar of 0 20 mm was subjected to the cold working by a cold swaging machine, thereby producing 
Test Sample Nos. 59-62, which had the cold working ratios set forth in Table 5A. 

©Test Sample Nos. 63-66 

[0184] Test Sample Nos. 63-66 were made by carrying out the cold working onto Test Sample No. 1 6. As raw material 
powders, the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were used, 
and were prepared and mixed so as to be the chemical composition of Table 5A (mixing step). Thereafter, test samples, 
which had the cold working ratios set forth in Table 5A, were produced in the same manner as Test Sample No. 59. 

©Test Sample Nos. 67-70 

[01 85] Test Sample Nos. 67-70 were made by carrying out the cold working onto Test Sample No. 1 8. As raw material 
powders, the titanium powder and the niobium powder, and the zirconium powder were used, and were prepared and 
mixed so as to be the chemical composition of Table 5A (mixing step). Thereafter, test samples, which had the cold 
working ratios set forth in Table 5A, were produced in the same manner as Test Sample No. 59. 

©Test Sample Nos. 71-73 

[0186] Test Sample No. 71 was made by carrying out the cold working onto Test Sample No. 53. As raw material 
powders, the titanium powder and the niobium powder, the tantalum powder, the zirconium powder and the TiB 2 
powder were used, and were prepared and mixed so as to be the chemical composition of Table 5B (mixing step). 
Thereafter, test samples, which had the cold working ratio set forth in Table 5B, were produced in the same manner 
as Test Sample No. 59. 

©Test Sample No. 74 

[0187] Test Sample No. 74 was made by carrying out th cold working onto Test Sample No. 17. As raw mat rial 
powders, the titanium powder and the niobium powder, the tantalum powder and the zirconium powder were used, 
and were prepared and mixed so as to be the chemical composition of Table 5B (mixing step). Thereafter, Test Sample 
No. 74, which had the cold working ratio set forth in Table 5B, was produced in the same manner as Test Sample No. 59. 
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<g) T st Sample No. 75 

[0188] Test Sample No. 75 was made by carrying out the cold working onto Test Sample No. 22. As raw mat rial 
powders, the titanium powder and the niobium powder, the tantalum powder and the hafnium powder were used, and 
5 were prepared and mixed so as to be the chemical composition of Table 5B (mixing step). Thereafter, Test Sample No. 
75, which had the cold working ratio set forth in Table 5B, was produced in the same manner as Test Sample No. 59. 

© Test Sample No. 76 

10 [0189] Test Sample No. 76 was made by carrying out the cold working onto Test Sample No. 26. As raw material 
powders, the titanium powder and the niobium powder the tantalum powder, the zirconium powder and the manganese 
powder were used, and were prepared and mixed so as to be the chemical composition of Table 5B (mixing step). 
Thereafter, Test Sample No. 76, which had the cold working ratio set forth in Table 5B, was produced in the same 
manner as Test Sample No. 59. 
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© Test Sample No. 77 

[0190] Test Sample No. 77 was made by carrying out the cold working onto Test Sample No. 32. As raw material 
powders, the titanium powder and the niobium powder, the tantalum powder and the zirconium powder and the alumi- 
num powder were used, and were prepared and mixed so as to be the chemical composition of Table 5B (mixing step). 
Thereafter, a test sample, which had the cold working ratio set forth in Table 5B, was produced in the same manner 
as Test Sample No. 59. 

(8) Test Samples Nos. 78-81 

[0191] Test Sample Nos. 78-81 were made by reducing the forming pressure of the CIP lower than those of the 
aforesaid respective test samples, thereby increasing the pore ratios in the sintered bodies. 

©Test Sample No. 78 and 79 



[0192] Test Sample Nos. 78 and 79 had the same chemical composition as that of Test Sample No. 8. As raw material 
powders, the titanium powder and the niobium powder, and the tantalum powder were prepared. Note that, at this time, 
the amount of the contained oxygen was adjusted by the oxygen, which was contained in the titanium powder. These 
respective powders were prepared and mixed so as to be the chemical composition of Table 6 (mixing step). This 

35 mixture powder was subjected to the CIP (Cold Isostatic Pressing) at a pressure of 3.8 ton/cm 2 in making Test SampI . 
No. 78, and at a pressure of 3.5 ton/cm 2 in making Test Sample No. 79, thereby obtaining columnar green compacts 
of 0 10 x 80 mm (compacting step). The green compacts obtained by the compacting step were heated to sinter in a 
vacuum of 1 x 1 0" 5 torr at 1 ,300 °C x 1 6 hours, thereby making sintered bodies (sintering step), and these are labeled 
as Test Sample Nos. 78 and 79. Note that, when the pore ratios at this time were calculated, Test Sample No. 78 

40 exhibited 2%, and Test Sample No. 79 exhibited 5%. 

©Test Sample No. 80 



[0193] Test Sample No. 80 had the same chemical composition as that of Test Sample No. 18. As raw material 
powders, the titanium powder and the niobium powder, and the zirconium powder were prepared. These respectiv 
powders were prepared and mixed so as to be the chemical composition of Table 6 (mixing step). This mixture powder 
was subjected to the CIP (Cold Isostatic Pressing) at a pressure of 3.0 

ton/cm 2 , thereby obtaining a columnar green compact of 0 1 0 x 80 mm (compacting step). The green compact ob- 
tained by the compacting step was heated to sinter in a vacuum of 1 x 1 0 5 torr at 1 ,300 °C x 1 6 hours, thereby making 
a sintered body (sintering step), and this is labeled as Test Sample No. 77. Note that, when the pore ratio at this tim 
was calculated, it was 10%. 

©Test Sample No. 81 

55 [0194] Test Sample No. 81 had the sam chemical composition as that of Test Sample No, 16. As raw material 
powders, the titanium powd r and th niobium powder, the tantalum powder and the zirconium powder were prepar d. 
Note that, at this time, the amount of th contained oxygen was adjusted by the oxygen, which was contained in the 
titanium powder. These respective powders were prepared and mixed so as to be the composition ratio of Table 6 
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(mixing step). This mixture powder was subjected to the CIP (Cold Isostatic Pressing) at a pressure of 2.5 ton/cm 2 , 
thereby obtaining a columnar green compact of 0 10 x 80 mm (compacting step). The green compact obtain d by the 
forming step was heat d to sinter in a vacuum of 1 x 10* 5 torr at 1 ,300 °C x 1 6 hours, thereby making a sintered body 
i (sintering step), and this was labeled as Test Sample No. 81 . Note that, when the pore ratio at this time was calculated, 

5 it was 25%. 

(9) Test Sample Nos. 82-84 

[0195] Test Sample Nos. 82-84 produced titanium alloys by using the HIP method. 

10 

©Sample No. 82 

[0196] As a raw material powder, a mixture powder, which was compounded so as to be the chemical composition 
of Table 6 by using the titanium powder, the niobium powder and the tantalum powder, was packed into a container 
is made of pure titanium, and, after degassing by 1 x 10' 2 torr, the container was sealed (packing step). The container, 
in which the mixture powder was enclosed, was held under the condition of 1 ,000 °C x 200 MPa for 2 hours, and was 
sintered by the HIP method (sintering step). The thus obtained 0 20 x 80 mm was labeled as Test Sample No. 82. 

©Test Sample No. 83 

20 

[0197] The round bar of 0 20 mm, which was obtained as Test Sample No. 82, was subjected to the cold working 
by a cold swaging machine, thereby producing Test Sample No. 83, which had the cold working ratio set forth in Table 6. 

©Test Sample No. 84 

25 

[0198] Test Sample No. 84 was made by carrying out the cold working onto Test Sample No. 78. As raw material 
powders, the titanium powder and the niobium powder, and the tantalum powder were used, and were prepared and 
mixed so as to be the chemical composition of Table 6 (mixing step). This mixture powder was subjected to the CIP 
(Cold Isostatic Pressing) at a pressure of 3.8 ton/cm 2 , thereby obtaining a columnar green compact of 0 20 x 80 mm 
30 (compacting step). The green compact obtained by the compacting step was heated to sinter in a vacuum of 1 x 1 0* 5 
torr at 1,300 °Cx 16 hours, thereby making a sintered body (sintering step). This sintered body of 0 20 mm was 
subjected to the cold working by a cold swaging machine, thereby producing Test Sample No. 84, which had the cold 
working ratio set forth in Table 6. 

35 B. Test Sample Nos. CI -C5 and Test Sample Nos. D1 -D3 

[0199] Next, Test Sample Nos. C1-C5 and Test Sample Nos. D1 -D3, which had chemical compositions not belonging 
to the aforesaid chemical composition range, or which were obtained by processes being different from the aforesaid 
production processes, were produced. 

40 

(1) Test Sample Nos. C1-C5 

[0200] ©Test Sample No. C1 relates to a titanium alloy, in which the Va group element was less than 30% by weight. 
As raw material powders, the titanium powder and the niobium powder were prepared. The amount of the contained 

45 oxygen at this time was adjusted by the oxygen, which was contained in the titanium powder. These respective powders 
were prepared and mixed so as to be the chemical compositions of Table 7. The thus obtained mixture powder was 
subjected to the CIP (Cold Isostatic Pressing) at a pressure of 4 ton/cm 2 , thereby obtaining a columnar green compact 
of 0 40 x 80 mm. This green compact was heated to sinter in a vacuum of 1 x 1 0" 5 torr at 1 ,300 °C x 1 6 hours, thereby 
making a sintered body. Moreover, this sintered body was hot forged at 700-1 ,1 50 °C in air to make a round bar of 0 

50 1 o mm, and this was labeled as Test Sample No. C1 . 

©Test Sample No. C2 

[0201] Test Sample No. C2 relates to a titanium alloy, in which the Va group lement exceeded 60% by weight. As 
55 raw material powd rs, th titanium powder, th niobium powder, the vanadium powder and the tantalum powder wer 
used, and wer compounded so as to be the chemical composition of Table 7. Th reafter, Test Sample No. C2 was 
produc d in the same manner as Test Sample No. C1. 
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©Test Sample No. C3 

[0202] Test Sample No. C3 relates to a titanium alloy, in which the aluminum exceeded 5% by weight. As raw material 
powders, the titanium powder, the niobium powder, the tantalum powder, the zirconium powder and the aluminum 
5 powder were used, and were compounded so as to be the chemical composition of Table 7. Thereafter, Test Sample 
No. C3 was produced in the same manner as Test Sample No. C1. 

@Test Sample No. C4 

w [0203] Test Sample No. C4 relates to a titanium alloy : in which the oxygen exceeded 0.6% by weight. As raw material 
powders, the titanium powder the niobium powder and the tantalum powder were used, and were compounded so as 
to be the chemical composition of Table 7. Note that the amount of the contained oxygen was adjusted by the oxygen, 
which was contained in the titanium powder. Thereafter, Test Sample No. C4 was produced in the same manner as 
Test Sample No. CI. 

15 

©Test Sample No. C5 

[0204] Test Sample No. C5 relates to a titanium alloy, in which the boron exceeded 1 .0% by weight. As raw material 
powders, the titanium powder, the niobium powder the tantalum powder and the TIB 2 powder were used, and were 
20 compounded so as to be the chemical composition of Table 7. Thereafter, Test Sample No. C5 was produced in the 
same manner as Test Sample No. C5. 

(2).Test Sample Nos. D1-D3 

25 [0205] Test Sample Nos. D1 -D3 were produced by the so-called melting process. 

<3)Test Sample No. D1 

[0206] As raw material powders, the titanium powder and the niobium powder, the hafnium powder and the tin powd r 
30 was prepared, and were melted and made into a titanium alloy, whose component composition is set forth in Table 7, 
by the button melting. An ingot which was thus obtained, was hot forged at 950-1 ,050 °C in air, and was made into a 
round bar of 0 1 0 x 50 mm. 

©Test Sample No. D2 

35 

[0207] As raw material powders, the titanium powder and the vanadium powder, and the aluminum powder were 
used, and were compounded so as to be the chemical composition of Table 7. Thereafter, Test Sample No. D2 was 
produced in the same manner as Test Sample No. D1 . 

^o ©Test Sample No. D3 

[0208] As raw material powders, the titanium powder and the niobium powder, and the zirconium powder were used, 
and were compounded so as to be the chemical composition of Table 7. Thereafter, Test Sample No. D3 was produced 
in the same manner as Test Sample No. D1 . 

45 

(The Characteristics of the Respective Test Samples) 

[0209] On the aforesaid respective test samples, a variety of the characteristic values were determined by the meth- 
ods set forth below. ® Average Young's Modulus, Tensile Elastic Limit Strength, Elastic Deformability and Tensil 
50 Strength 

[0210] on the respective test samples, a tensile test was carried out by using an Instron testing machine, the loads 
and the elongations . were measured, and the stress-strain diagrams were determined. 

[0211] As for the Instron testing machine, it was a universal tensile testing machine, which was made by Instron (a 
name of a maker), and its driving system was an electric-motor control syst m. The longations w r m asur d by 
55 outputs of a strain gage, which was bonded on a side surfac of th t st pieces. 

[0212] As for the average Young's modulus, the tensile elastic limit strength and the tensile strength, they were 
determined by the aforemention d methods based n the stress-strain diagrams. Moreover, the elastic deformability 
was determined by figuring strains, which corresponded to the tensile elastic limit strengths, from the stress-strain 
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diagrams. 
©Others 

5 [021 3] The pore ratio means the volume % of the aforesaid pores., and the cold working ratio means the cold working 
ratio, which was determined by the above-described equation. 
[0214] These results are set forth in Table 1 -Table 7 all together. 
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(Evaluation of the Respective Test Samples) 

Q)On Average Young's Modulus and Tensile Elastic Limit Strength 

[0215] All Test Sample Nos. 1-13 contained the Va group elements of 30-60% by weight, the average Young's mod- 
uluses were 75 GPa or less, and the tensile elastic limit strengths were 700 MPa or more. Accordingly, it is understood 
that the sufficiently low Young's modulus and the high strength (high elasticity) were achieved. 
[0216] While, in Test Sample No. C1 and Test Sample Nos. D1-D3 whose Va element contents were less than 30% 
by weight, and in Test Sample No. C2 whose Va group element exceeded 60%, all of them exhibited the Young's 
moduluses, which exceeded 75 GPa, and the low Young's modulus was not achieved. 

[021 7] Next, by comparing Test Sample Nos. 1 4-24, in which Zr, Hf or Sc was contained in the predetermined amounts 
of the Va group elements, with Test Sample Nos. 6-12, it is apparent that Test Sample Nos. 14-24 were intended to 
exhibit the further lowered Young's moduluses and the further heightened strengths (heightened elasticity) in all of the 
cases. 

[0218] Further, when comparing Test Sample Nos. 25-38, in which Cr, Mo, Mn, Fe, Co, Ni, Al or Sn was contained, 
with the test samples, which were free from these element, they were improved in terms of the tensile elastic limit 
strength while accomplishing the low Young's modulus. Therefore, it is understood that these elements are effective 
to heighten the strength (to heighten the elasticity) of the titanium alloy according to the present invention. 
[0219] However, as can be seen from Test Sample No. C3, etc., although the tensile elastic limit strengths were 
improved when the content of Al exceeded 5% by weight, the increments of the average Young's moduluses were 
brought about. It is understood that the content of Al is preferably 5% by weight or less in order to be the low Young's 
modulus and the high strength (high elasticity). 

[0220] Furthermore, it is understood from Test Sample Nos. 39-46 that the oxygen is an effective element to intend 
in lowering the Young's modulus and in heightening the strength (in heightening the elasticity). Moreover, it is under- 
stood from Test Sample Nos. 47-51 that, concerning the carbon and the nitrogen, they are similarly effective elements 
to intend the low Young's modulus and the high strength (high elasticity). 

[0221] In addition, it is understood from Test Sample Nos. 52-54 that the boron is also an effective element to intend 
in lowering the Young's modulus and in heightening the strength (in heightening the elasticity). Besides, it is understood 
from Test Sample Nos. 71 -73 that the cold workability is not impaired by adding the proper amount of the boron. 

©Elastic Deformability 

[0222]. All of Test Sample Nos. 1-84 exhibited the deform abilities of 1 .3 or more, and it is understood that they had 
the excellent deformabifities with respect to Test Sample Nos. C1-C5 and D1-D3 (the elastic deformabilities were 1 .0 
or less). 

©On Cold Working Ratio 

[0223] It is understood in general from Test Sample Nos. 55-77, which were subjected to the cold working, that the 
Young's modulus tended to decrease, and that the tensile elastic limit strength tended to increase as the cold working 
ratio heightened. It is understood that the cold working is effective in making the lowering of the Young's modulus and 
heightening of the elastic deformability of the titanium alloy as well as the heightening of the strength (heightening the 
lasticity) compatible. 

@On Pore Ratio 

[0224] It is understood from Test Sample Nos. 78-81 that, even when the pores of 30% by volume or less existed, 
the high strengths (high elasticity) were obtained in addition to the low Young's moduluses. And, in Test Sample Nos. 
80 and 81 whose pore ratios were further enlarged, the improvement of the specific strengths was intended by the 
decrement of the densities. 

©On Sintering Process and Melting Process 

[0225] By comparing the test sampl s of Test Sample Nos. 1-84, which wer produc dbythesint ring process, with 
Test Sample Nos. D1-D3, which were produc d by the m Iting process, it is und rstood that it was lik ly to obtain 
titanium alloys, which exhibited th low Young's moduluses, the high elastic deformabilities and the high strengths 
(high elasticities), by the sintering process. 

[0226] While, like Test Sample Nos. D1-D3, in titanium alloys, which were obtained by the melting process, it is 
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difficult to make the low Young's modulus and the high strength (high elasticity) compatible. However, this does not 
mean, as can be seen from Test Sample Nos. 2, 7, etc., that titanium alloys, which are produced by the melting process, 
are excluded from the present invention. 

[0227] As having described so far, the titanium alloy of the present invention can be used widely in a variety of 
products, which are required to exhibit a low Young's modulus, a high elastic deformability and a high strength (high 
elasticity), moreover since it is excellent in terms of the cold workability, it is possible to intend the improvement of the 
productivity. 

[0228] In addition, in accordance with the titanium alloy production process of the present invention, it is possible to 
readily obtain such a titanium alloy. 



Claims 

1 . A titanium alloy characterized in that said titanium alloy comprises an element of Va group (the vanadium group) 
in an amount of 30-60% by weight and the balance of titanium substantially, exhibits an average Young's modulus 
of 75 GPa or less, and exhibits a tensile elastic limit strength of 700 MPa or more. 

2. The titanium alloy set forth in Claim 1, wherein one or more elements selected from the metallic element group 
consisting of zirconium (Zr), hafnium (Hf) and scandium (Sc) are contained in a summed amount of 20% by weight 
or less when the entirety is taken as 100% by weight. 

3. A titanium alloy characterized in that said titanium alloy comprises one or more elements selected from the metallic 
element group consisting of zirconium (Zr) , hafnium (Hf) and scandium (Sc) in a summed amount of 20% by weight 
or less, an element of Va group (the vanadium group) in a summed amount of 30-60% by weight together with the 
one or more elements of the metallic element group and the balance of titanium substantially, exhibits an average 
Young's modulus of 75 GPa or less, and exhibits a tensile elastic limit strength of 700 MPa or more. 

4. The titanium alloy set forth in either one of Claims 1 -3 containing one or more elements selected from the metallic 
element group consisting of chromium (Cr), molybdenum (Mo), manganese (Mn), iron (Fe), cobalt (Co) and nickel 
(Ni). 

5. The titanium alloy set forth in Claim 4; wherein said chromium and said molybdenum are 20% by weight or less, 
respectively, and said manganese : said iron, said cobalt and said nickel are 10% by. weight or less, respectively, 
when the entirety is taken as 1 00% by weight. 

6. The titanium alloy set forth in either one of Claims 1 -5 containing aluminum (A1 ). 

7. The titanium alloy set forth in Claim 6, wherein said aluminum is 0.3-5% by weight when the entirety is taken as 
100% by weight. 

8. The titanium alloy set forth in Claims 1 -7 containing oxygen (O) in an amount of 0.08-0.6% by weight when the 
entirety is taken as 1 00% by weight. 

9. The titanium alloy set forth in either one of Claims 1 -8 containing carbon (C) in an amount of 0.05-1 .0% by weight 
when the entirety is taken as 1 00% by weight. 

10. The titanium alloy set forth in either one of Claims 1-9 containing nitrogen (N) in an amount of 0.05-0.8% by weight 
when the entirety is taken as 1 00% by weight. 

1 1 . The titanium alloy set forth in either one of Claims 1-10 containing boron (B) in an amount of 0.01 to 1 .0% by weight 
when the entirety is taken as 1 00% by weight. 

1 2. The titanium alloy set forth in either one of Claims 1-11 having a cold working structure of 1 0% or more, exhibiting 
an average Young's modulus of 70 GPa or less, and exhibiting a t nsile elastic limit strength of 750 MPa or mor . 

13. The titanium alloy s t forth in Claim 12 having said cold working structure of 50% or more, exhibiting the average 
Young's modulus of 65 GPa or less, and xhibrting the tensile elastic limit strength of 800 MPa r mor . 
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14. The titanium alloy set forth in Claim 13 having said cold working structure of 70% or more, exhibiting the average 
Young's modulus of 60 GPa or less, and exhibiting the tensile elastic limit strength of 850 MPa or more. 

15. The titanium alloy set forth in Claim 14 having said cold working structure of 90% or more, exhibiting the average 
5 Young's modulus of 55 GPa or less, and exhibiting the tensile elastic limit strength of 900 MPa or more. 

16. A titanium alloy characterized in that said titanium alloy is a sintered alloy comprising an element of Va group (the 
vanadium group) in an amount of 30-60% by weight and the balance of titanium substantially. 

10 17. The titanium alloy set forth in Claim 16, wherein one or more elements selected from the metallic element group 
consisting of zirconium (Zr), hafnium (Hf) and scandium (Sc) are contained in a summed amount of 20% by weight 
or less when the entirety is taken as 100% by weight. 

1 8. A titanium alloy characterized in that said titanium alloy is a sintered alloy comprising one or more elements selected 
15 from the metallic element group consisting of zirconium (2r) : hafnium (Hf) and scandium (Sc) in a summed amount 

of 20% by weight or less, an element of Va group (the vanadium group) in a summed amount of 30-60% by weight 
together with the one or more elements of the metallic element group, and the balance of titanium substantially 

1 9. The titanium alloy set forth in either one of Claims 1 6-18 containing one or more elements selected from the metallic 
20 element group consisting of chromium (Cr), molybdenum (Mo), manganese (Mn), iron (Fe), cobalt (Co) : nickel (Ni) 

and tin (Sn). 

20. The titanium alloy set forth in Claim 1 9, wherein said chromium and said molybdenum are 20% by weight or less, 
respectively, and said manganese, said iron, said cobalt, said nickel and said tin are 10% by weight or less, re- 

25 spectively. when the entirety is taken as 1 00% by weight. 

21. The titanium alloy set forth in either one of Claims 16-20 containing aluminum (Al). 

22. The titanium alloy set forth in Claim 21 , wherein said aluminum is 0.3-5% by weight when the entirety is taken as 
30 1 00% by weight. 

23. The titanium alloy set forth in Claims 1 6-22 containing oxygen (O) in an amount of 0.08-0.6% by weight when the 
entirety is taken as 1 00% by weight. 

35 24. The titanium alloy set forth in either one of Claims 16-23 containing carbon (C) in an amount of 0.05-1.0% by 
weight when the entirety is taken as 100% by weight. 

25. The titanium alloy set forth in either one of Claims 16-24 containing nitrogen (N) in an amount of 0.05-0.8% by 
weight when the entirety is taken as 100% by weight. 

40 

26. The titanium alloy set forth in either one of Claims 1 6-25 containing boron (B) in an amount of 0.0 1 -1 .0% by weight 
when the entirety is taken as 100% by weight. 

27. The titanium alloy set forth in either one of Claims 1 6-26 exhibiting an average Young's modulus of 75 GPa or less, 
4 5 and exhibiting a tensile elastic limit strength of 700 MPa or more. 

28. The titanium alloy set forth in either one of Claims 16-27, wherein said sintered alloy contains pores in an amount 
of 30% by volume or less. 

50 29. The titanium alloy set forth in either one of one of Claims 16-28, wherein said sintered alloy has a structure in 
which the pores are densified to an amount of 5% by volume or less by hot working. 

30. The titanium alloy set forth in either one of Claims 1 6-29 having a cold working structure of 1 0% or more, exhibiting 
an averag Young's modulus of 70 GPa or I ss, and exhibiting a t nsile elastic limit strength of 750 MPa or mor . 
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31. Th titanium alloy set forth in Claim 30 having said cold working structure of 50% or mor , exhibiting th average 
Young's modulus of 65 GPa or less, and exhibiting the tensile elastic limit strength f 800 MPa or more. 
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32. The titanium alloy set forth in Claim 31 having said cold working structur of 70% or more, exhibiting the average 
Young's modulus of 60 GPa or less, and exhibiting the tensile elastic limit strength of 850 MPa or more. 

33. The titanium alloy set forth in Claim 32 having said cold working structure of 90% or more, exhibiting the average 
Young's modulus of 55 GPa or less, and exhibiting the tensile elastic limit strength of 900 MPa or more. 

34. A process for producing a titanium alloy characterized in that said process comprises the steps of: 

a mixing step of mixing at least two or more raw material powders containing titanium and an element of group 
Va in an amount of 30-60% by weight; 

a compacting step of compacting a mixture powder obtained by the mixing step to a green compact of a 
predetermined shape; and 

a sintering step of sintering the green compact obtained in the compacting step by heating. 

35. The process for producing a titanium alloy set forth in Claim 34, wherein said raw material powders contain on 
or more elements selected from the metallic element group consisting of zirconium (Zr), hafnium (Hf) and scandium 
(Sc) in a summed amount of 20% by weight or less when the entirety is taken as 100% by weight. 

36. A process for producing a titanium alloy characterized in that said process comprises the steps of: 

a mixing step of mixing at least two or more raw material powders containing one or more elements selected 
from the metallic element group consisting of zirconium (Zr) : hafnium (Hf) and scandium (Sc) in a summed 
amount of 20% by weight or less and an element of Va group (the vanadium group) in a summed amount of 
30-60% by weight together with the one or more elements of the metallic element group; 
a compacting step of compacting a mixture powder obtained by the mixing step to a green compact of a 
predetermined shape; and 

a sintering step of sintering the green compact obtained in the compacting step by heating. 

37. A process for producing a titanium alloy characterized in that said process comprises the steps of: 

a packing step of packing a raw material powder containing titanium and at least an element of group Va in 
an amount of 30-60% by weight into a container of a predetermined shape; and 

a sintering step of sintering the raw material powder in the container by using a hot isostatic pressing method 
(HIP method) after the packing step. 

38. The process for producing a titanium alloy set forth in Claim 37, wherein said raw material powder contains one 
or more elements selected from the metallic element group consisting of zirconium (Zr), hafnium (Hf) and scandium 
(Sc) in a summed amount of 20% by weight or less when the entirety is taken as 1 00% by weight. 

39. A process for producing a titanium alloy characterized in that said process comprises the steps of: 

a packing step of packing a raw material powder containing at least titanium, one or more elements selected 
from the metallic element group consisting of zirconium (Zr) : hafnium (Hf) and scandium (Sc) in a summed 
amount of 20% by weight or less and an element of Va group (the vanadium group) in a summed amount of 
30-60% by weight together with the one or more elements of the metallic element group into a container of a 
predetermined shape; and 

a sintering step of sintering the raw material powder in the container by using a hot isostatic pressing method 
(HIP method) after the packing step. 

40. The process for producing a titanium alloy set forth in either one of Claims 34-39, wherein said raw material powder 
further contains at least one or more elements selected from the group consisting of chromium, manganese, cobalt, 
nickel, molybdenum, iron, tin, aluminum, oxygen, carbon, nitrogen and boron, 

41. Theproc ss for producing a titanium alloy set forth in eith rone of Claims 34-36, wher in said raw mat rial powder 
comprises two or more of a pure metallic powder and/or an alloy powder. 

42. The titanium alloy set forth in either on of Claims 37-39, wherein said raw material powder comprises an alloy 
powder containing titanium and at least a Va group element. 
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43. The process for producing a titanium alloy set forth in either one of Claims 34-42 further having a hot working step 
of hot working a sintered body obtained after said sintering step, thereby densifying a structure of the sintered body. 

44. The process for producing a titanium alloy set forth in either one of Claims 34-43 further having a cold working 
5 step of cold working a sintered body, obtained after said sintering step, to a workpiece or a product. 
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